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ABSTRACT : PROBLEM TO BE SOLVED: To provide a functionality material and a functional element 
capable of changing the transmission wavelength of the light and ultrasonic waves or the 
like by a signal from the outside. 

SOLUTION: Means 4, 5, 6 disturbing the periodicity of electromagnetic waves or sound 
waves are provided at least at a part of periodic structure having the same period as the 
wavelength of the electromagnetic waves or the wavelength of the sound waves and, 
then, the transmission wavelength of the waves or the like is controlled by controlling the 
means with the external signal. 
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M.vm^..c?){,c/)^mt^tztimmx'hh, 

i>mjix'hh. 

[0033] mmm-^±i.i. iSii^x'm^t:^x.fzm\i 

^-tht^ 7t(rmAnzmm.-thhcrix\ mmmz^M'^ 

±^ti:^mm^X'tti:^^mcr)X^M^ . 

[0034] 7^mmM^\±. -^mm-hi> h(r>(r>. m. 
"^^^mmLmfumzx i>mmB^mm-thi><r>x^h 
0. ^<mm:ts,^t^mzmti^hh. ^hizmj&mfr> 
^tfimx<omMX'h'o . ^h$^T^?^j.x-^^@}i 
•tmmt Lx\mmmhifm\.M\'^<^mmx'hi> , 

[0035] m¥&^mmi.fzij<7y\mm. ^J^tmm 
t<^m^ttx'X'^x}i'j. ^(Dtm^t^mmLx . ^ 

[0036] mmmmm^x'ii. ±t Lxzti^x-iz 
fzi><7)i)-i^<. ■X'^m^mmmzxh^-xDy-fytimm 

[0037] imm^M. ~fmizmmmmk^m\>^tz 

mUi. Tb-Dy-Fe-^) i}mi^ixX\^i> , BE 

h ^ . s^iHiKSr m^m^z ot.<m msm^tmm 



[0038] ^7':5'^j.a:-^(:P5LT{i, mtmm 

mj]^^^^-tp L.zTm-bm(^ixx\'^7^ . zmt. % 
mm\.zx h ^<r)M^'&.tf-h^'^-hif^ L . ^tnzm^ 
MK-mmtf^mhtL. ^^^mizmtsmmx'h^, nmm 
mmt ^^omj^^^^htK M.mmi^LX(^ms.miz 
Xh^m:hhtz>^. ±t^j:^miwmuz<^^L. t 

i.xuh:it\,mmx'hh. 

[0039] y^-;^^->'3 y')m\,zmLx\±. m 

ffi^^r^^iii (4-5fgi;iii) ^m^X-% 

m^mm.izm^i}^hh, m^mmxhtc 
(f. ^fiaitii o~2 o%mx'$)i>tiK {£?§ji]g(4ex 

[00401 ZZX\ ZixtXI,zmm^tlfz-<>i$^~>!7 

i—i^3ymi<7>nm ■ y-'^u Mz-:>\,^xfsmizim't 

{aS^tcov^TCixtT-tctiill^ii/vrtcOt LTJ4. 

• ^m^O 5-11015 3^^fg 
•^gff^Oe-l 25 1 2 0^d^$g 

Lfz!mmiznm'^m^iBmuLx . WA^tifz^mm 
mcomf^nm^^it^-^^^ti>zj:^^Q.m^mm^ 
tix\>^h, Lti-L^^ifih. yifV-^y^mmmmwizm 
m-^h :i t \,zmthumint:>m)^^titi:\'^. 

[004 11-ecOte, >-^-;<?U—>'3yi:T^'f-j. 
:^-^tt:m.ih.^i>^tzm'^^mm:Ltzi,<Dt LTti, 

• nm^O 2-131 37 6^<i^$8 

• iff^^O 4-12788 5-f-i]jfg 

3yKmi,zmm-r^imwmimm:^tLx\^h, ^ 

T2 - 1 3 1 3 7 6-^ii'|g{4«S?«T'J>^--K'Jx^l/>' 
t ^ ~:fjimconm^4 - 1 2 7 8 8 5-^^fS 

{4. iE/flflitcAg(,,7 Va 05 ^ffli^, mi^mmmz 

4AgI-Ag2 wo, SrfflV>7t^T'S)S, -e«OU-m 

T'^!>s. t*^t^*^'^>. y^h--y^m^B^comA<'zm 
[00421 »:tc. mm-^m-iy:S'-:^u~i^Byim 

m^z-:>\i^X ZtitX-iz^ix/ziUmcomiiiaTizimL 
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[004 3] (i)mMmm<D^y^-Ai^-i^3:^^ 

n 

mt IX . 

■ - 1 9 6 8 1 9-^^$g 

•^P¥06-S2 77 7^-£jfg 
•!ltgaT0 6-82 7 7 9-^-£ffg 

>'!'-t]ly-i^ 3 yi:^A,X'\>^hcr>i>^}£ot)^^^^?iX' 

-^m. \.^iy«f>hm^, mmiw^^mi,z-)\.^x<r>^ 

mt LT. 

• 06-200034 
•#gH¥07-l 26396^^fg 
•!}*IH¥08-1 2 89 9^<i;jf8 
•«IB¥08-4 1 09 l-^^^g 

• i^BB^l 0-264291 ^^fg 

• 11-7146 s^^j^m 
•!f#IB¥l l-9 2 5 94^^^# 
•#M¥1 1-9 2 67 7#<2^$B 

• iRfg^Tl 1-10 6 6 7 0^1^18 
•#gg¥10-2 5 90 1 6-^i5r|g 

• 10-2 590 1 7^^fB 
•#BH¥10-3 1 04 2 0^<&IB 

tfihhtfi. ^(f^mz'o\^xkim'Si.^ixxiit:>^. * 
[0045] (3) 7:^■^^D5XAMiico^^m^>' 
•^¥04-1 6 77 6^^18 

• #^036 3-25149 0^^$g 

• mm^^O 2-2642 4 6-f-&|g 

• #gg¥0 6 - 9 5 2 8 a^^fg 
•!»ia^06-9 5 289^^18 

• #IBV0 6 - 9 5 2 9 O^^fg 

• #^¥0 6 - 1 4 8 7 9 1 
•!»ffiTl 1-7 1 388^12^18 

• !}tlHT06-4 8 74 2^ii-?g 

A,. :^\^^y::yy^^mim<r>yirY'7u^XM,Wimz 



[0046] ^fc, 7:rh:?a$ XAtti, miS^ri:' 

c:fxicsij<7)?g* i^^tA^iJt:!., i)!*^^ 

<4^^ Jn;?. h t . 7t<DmMzmi> Z.t\,z^ 0 fe*>7CCM 

[00471 ( 3) xi^:7 hai7o5XAR|Jii7)«Sc7) 

■ mm^^ 1 0-20690 7-^^-# 
■^m^ \ O-2 39 7 14-^^fg 

[0048] (4) «t^;3%^^^«M^icO^}t4cO^>':5'- 
• t^^ESb 3-251 49 0-^^^g 

• ^ra¥0 5-3 24 1 2-^^fg 

• #gS¥0 9-3 1 0 06 5-^^f8 

[00491 ( 5 ) mM^SlRWMMOtJipJtO'f 

•?fW¥08-5 35 7 1^^# 
f)-]m^ixX^^htiK ^im^tLXcO%m\i^j:<. 

X^''^^'>. 

[0050] tZ^X\ Ay^-:^\y->'3Vt\^oM 

m.^\'^-rmw.imziu<m\^t^ixxii^ . iMLtz^o 

<7) V f-»>^<7)}f Ate J: l>feP^-ft:Srmffl L/C t«OA«S> 
0. 

• 1tgBIS5 7-20853 4-f-^# 

• W^S5 7-20853 5-f-^fg 

• ^mms 7-20853 6-f-&# 

• mmm5 7-20853 7-§-^#8 

[005 1 ] ayi'y^-mmcr,-<Q(^mM^^z. c 

•!^l1=mi86 0 13^ 
•iT^i^^l 94 9 23 5-^ 

• !HfM^6 2 - 1 8 1 4 1 3^^I8 

[0052] Li mM<^f^irzipjLfz^w\immmM^ 
aam^tixii*). 
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• mm'fO 4-348 64^^^m 

0 4 - 3 4 8 6 6 -^^Ig 

• nm¥0 4 - 3 4 8 6 8^^j>m 
•!»IT-m2 7 34 7 4 7-^ 

[ 0 0 5 3 ] 7ic-f v^'-;<fi— >-3 y^iB i^emnzn 

• nm^O 4-3 1 954 5^^$8 
■m^m27 1 5233-^ 
•4$i^T0 7-5 6 1 9 5-f-^f8 
•#^^0 7-5 6 1 96-^i^^ 

[00 541 «$^S#£0!^iti;LTt±. Hz Tij O,, 

• 936 988^ 

• WrFlS2 6 53 80 5-t 
•#ltl^26 56 7 78^ 
■^nmi 9 84612^ 

• #BH^O 8- 2 5 9 2 0 8^^Am 

[0055] nmmyt^^<ommi^^Lfzitimt l 

T, 

•m^04-l 6 84 2 9-§^f8 
•^tnpmi 7 08735^ 

[0056] mkmm)mim':>rcttmnffhmtb. 

•^1*^2 68 1 0 3 0# 

[0057irS:^i:^:J' :^B!r;U;^ 'J oaia^C^ifet 

• ^mm 1 5 7 9 0 3 1 -f- 

•iltitlSl 3 67 2 3 5-^ 
•#g§^6 2-l 0 04 1 l^^fg 

[0 0 5 8] i/c. m^B^m^^fzT^^j-j^-^m=Fi.z 
mt^\imtLx. 

•#^^03-5 7 20-^^?g 
•#^¥0 3-7 0 7 9^i^f8 
•#^¥0 6-3 24 3 1 2-f-<2^f8 

• #BB^O 9 -2 7 7 5 1 S^^fg 



[0059]^iOJ;d{;. Jil±tc#(f/::tiil^■r'^i^^-r^^ 

[0060] iyjbT'J47fe^v-f n^m<^nm^(7}'\m 
x'^hm^^rkdm=f-i.z-:>\^xmmi.tztK mz. ^wi 

mcomm^^m-^m^d:mmiz-^^-^xm,m-t^. 'Srfc, ^ 

^^(ia^tO^tfT'ti, *-7 3 4 0 m/ s <7)fE}ia«-C' 

s>^*^, mmmc7)immmi. -ettj; 0 1 9 oTJfSi^^ 

V^3X1 0« m/ sT'S)^.. mtf. iB^»i!t?t^«i^ 
^idPX^lCffiffl^ixT V%|, 20kHz *^^>200kHz 

m&coiSM-i^m'^mi. mm.m.x'im-r&t. mm.m<r) 

mmx *) t^*<7)^v^*jS[ ( LF ) Ic^Bi-tl.. a^t::<K 

mt(o^L\>^mzmm^^ . mtii. m^imnzco 

Sit^Tii, -^cO^ftJi^+TO. 3 4mmt-*-S>. 

-It . mm^Tiiis] t m»MX' 3 0 0 m t * S . jg^:^ 
jt#:<7)JilfiJ*i^^^^#ScO^^SJK (1/50-50 

mm.mizim-^£oii)-(^WLi§) x'$>tns. tg^^-c- 

LfmibiDmmmm^tXio'O. ::tit><7)^tii.. z.<ry 

Wfi(r>^m~<r>x&\.hi^—^LX\-^h. Ltzti^-^X. m& 

m^(r)nmm^mu^mmzm^-tfdt. mm^-ixvj. 
[ 0 0 6 1 ] m.^<rimm^x'hh-^m^tmtfx 

W) ^i£mt'rh:it\i^tit.X'\iZT&^X^tz. —:f3. 

m2 ] , SSSrp [kg/m3 ] t^ht. ^^JfiO 

V= ( r • P/p ) 1/2 

Po =-01 ( 1 +T/273) 

[0062] Clix^cD 23^3!)>4>aJKT ["C] t-cOWaHi 
JilT^O J; a ^j:^X'^h^tt^ . 
[0063] 

V(T)=331. 5 + 0. 60714T 

( 1 ) *><^si^m ( 2 ) ^"^mt^x&t. m^rcomiiz 
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s i n^i /s i n^2 =V, /Vj 

x'hhi}-h. Vj >v, Thhtiib. =^mi. m^tn 
^hi,zm< {m-th, mm. 1 4 s o m/ 

i; ^Ett-f ^ . ^ ^ *^'3t<^®fif i; {iA^ =5rav ^T'J) l> „ 

^mi. &tLX(mniimtizm.^^mT$>h. mm 

mmmmi^ {^xummmminm^^mmzm'S^t^ ) 

[0064] ##co/ca^lc. ^:R2:t|"C4cJ:b$$L^c«JS 

[0065] ^c^wm. *3%BJ*(cj; 
m^^. ^hiizm-km^fz^w.. m^^ixtzi:.(nxh 

[0066] -ttaii^. iLUmm^WSk-thtz^\,z. ^ 

cowM(omi comma, mmmco^&^tmmmcr^mmco 
mmmmco^j'-^K t h~:bmzmmmi:iL-r^m^mi- 

mx'h h:it^^m b-t^mmmimx'h h . 
[00 6 7] i^fz. :i<7^wmm2<7)mm. wm.(o 

^mi^vmtf^hm^^x'th t^t ^mwit -thm^ 

=f-X'hh. 

[00 68] W.liiXX/^2(r)mmzii\.^XI,i. mi. 

^(^mm^t:'Si-t^mzmimm.± tziim^m-mt^± 
^-c* & . mmmmi i iJ^Tc. 2 a^Tci ^^ts 3 <j:7c<^^ 

-m.izitWm.<r>^^(r> 1/50-50 fg, 

{4. %wk(r>m^(m'if(^i-^^. mtiiix5-5 



RSitcim^±ifhztizx om^^h.fzij(r>X' 
^ixfzt^x'h^o . mm^^^L-t^miztihc^mmt 

CDX'h-yX t>J: V^, 

( 0 0 6 9 ] a 0 «{SjSA^'^T$)Sii^, mt 
?t:{4ffl;^±(f^^i:t J: f)m^^tifci,<DX'f>*o . mm 

mnmi^xhh, ^^oM«m4. s«!:fit)(:{4. f?ii;c{4\ 

T i O2 . S i O2 . ZrOj , C e O2 , Al 

2 O3 . MgO. Si. Oy . Th02 . SnOj , 1 
n2 O3 , ZnO, Laj O3 , Ndj O3 , Sb2 O 

3 . Bi2 O3 , Pre Oj,, Ti, O, , CaO, S 
rTiOs mcomitm'^. MgF^ . CeFs . LaF 
3 . NdPa . PbF2 , NaF, Naa AlFg , L 

1 F, CaFs mcoy yitm. *-l.*.^{4, itL^cO^-fb 

y yMmmcomMi^. $^>t3, ZnS. ZnS 
e. CdS, CdSe. CdTe, PbS, PbTe. 
Sb2 S3 m<7):^f\^zi-yi->( H-fL-^. hh\.MiS i . 

*7t. mmmt:?mt^mmii. mui. pb 

(ZrTi)03 (aS"^PZT) . (PbLa) (Zr 
T i ) O, (jilj-.PLZT) , B aT i O3 , ( Ba S 
rCa) (T i Z r S nH f ) O3 , PbT j O3 
^ay::K:fl-( hmSXmsm. fc^ir^J4, LiNb 

03 . LiTaOs ^cr>^ ;v:<-r-f hmsmmmM. t 

fz. BiijSiOzj. BiijGeOjo. BijzTi 
O20, KDP. K (TaNb) O3 . (SrBa)Nb 

2 Os , h%>\'Mi, Zn0^^tllZ^<7)M simmL 

( z n M g ) omcosmsmm. $ A>tct4. c d t 

e, GaAs. InP, ZnS. ZnSe. CltL^<0# 

[0070] i.ti<oMmmm:%m-thmm±^^^ v ■ 
ayit^T^v ■ yxhm.mimmm■^wdl>zi3i^x^±. *x 

[0071 1 ( 1 ) fl^S'^aT'X;^^ h • 
KLaNb2 O7 , KCaa Nbj Ojo. RbCaj N 
t>3 Oio. CsCa2 Nbs Ojo. KNaCa2 Nb^ 

0,3 

{2) m^^oyx:^-! hm^ 
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Bi2 Si'2 CaCu2 Os . Bi; S Caj Cu 

(3) mW.i~i'> • -^7W^ 
KTiNbOs . K2 Tj, O9 . Nbg O17 

( 4 ) m^.mi§Mim 
L i C 0O2 , L i N i O2 

{ 5 ) ^m^^mmimy'u> 

M0O3 . Vj O5 , WO3 , ReOj 

(6) m^±m,^^viA\m 

FeOC 1 . VOC K C r OC 1 

(7) mAk^'J'rim.iM. 

Nas 0-4 S i 02 - 7H2 O 

( 8 ) mm^±MM 

( 9 ) y^-f HD^/UHf-f h 
Mgg AI2 (OH>,6C03 -H2 O 

(10) m^^m>tl)v^f^^ y 

TaSez , TaSi , M0S2 . VSe^ 

(11) ll>B?i^VU3-'>Ala 
Z r ( HPO4 ) 2 nHa O 

(12) if^~?TA V 
C 

mifcJ:tXm2iO%B^{cfcl^TJ±. mUt. ±IB<OS» 
{f, I TO ( I n2 O3 -SnO^ SBBS«tt$ft^) ^ 

[00 72] §^>(c, mit3xv^m2£r,mmzti\^^x 
^commum. -mtmitsj:t/^(^mmi}m^j:t'X'h 

xi:xi\^yymit^. WO3 ^xi^i^ ho^oSXA 

mi^M. $>?.l^(±. L i N bOs :Fe.BaTiO 
3 :Ce, SrTiOs : F e^<7)y it h^a S.XJ>,M 

mmim^Thh, -if. ^o^mm^izx-^x^m- 
i>mm^mmmmconmz'^^'ri>mmxh'yx. ^co 



mmmmii. mmi&com^ (mmmy}&^. h^^-^im 
^*«) t mmmx'h o . nmx r)mmie^?^m ttzm 

tc, ^c'mM:mx'm^mwr^mmmmx'$)'o , ^(om 
mmmytmmizmM ^tmioiz^x-yxtoo. ^<r)% 

ifi. mt3m'ti>wm.Wc\>znLxki. ^(nmwmmt 

hMmm^tixa 0 , ^<r)Ws.m.izii\-fh^m^<r)mw^ 
\,z^vmt^i^mmMzx ^owmnm-crimmmmm 

ioo7 3}mii5Xx/m2cr,mmizii^^xii. mi 
if. mmt^ttt^mimmtfziimwmMizx 
B-ti>mw. muiPLZTX'h?>zki>h^, 

[0074] iTt. m 1 (owM^zx^mm^mrm. m 
x.if. yi-^i^yfu^mm'^i^'j^ymm'kt'<7)±izm 

i,. tfz. :i(^mtmMfww^i.\,z^K^hz^mLx 2 
d^Tm^zmmmziim ^ixx ax^^ & mi^ t . -^cr> 
m^mi^ifi^vm^t^com^i^zn tx^m-t ^xoiz-t 

[0075] m2cr>%miz}5^^xii. mm±iz 
mmmzmm.^ixtzmiS:mizj: Kimmmmiim^^iifz 
-iii<^mmm^t:^iii^<Dmmmt:f^miz Lxmnzn 
\^L. t^-y-simizMm-thztiyX'^h, zix(i>(oism 
m=f<7)mmmi,zj: o , ^mm±i>^m^z±K^^tiX 
0 iz-ttiit. mmm^(7imm^m^mizmt^'t^ z t 
ij^x^h. tfz. mcomx'ii. mm±izmmmzmwi^ 
tttzKmrn^mzx^mmmm^m^^ti. mm^titz 
s.mmi'ti^nmi}-^<7)m^^^ifxKK)i^h x o izmts. 
^iih. tti. mm. mmmmii2mmj.±<r>mn^ 
mm. mmttz\m^±ifhzb izx ^ym^^titzhc^ 
xh K> . mnm^m-^mmm-k>m^i:'^ifxMm 

mmMiis.\'^iznm-th-M(r)m%:^tsemi}^h^i± 
*®«sr*L. z<7)-'M<7)mizi±mmmi:^-tm 
Mifzm^^: mu't^fzi!b(D'mm^^ti^timihtixii 
19. r€i-v:tj:'^^j^j^:ffii^^titi:mm(^mizim^ 
mzxm^'^hmAz. ztif^cr,^mim^^xmmmm^ 
^mthmmizm^^m^rrhz bizxo . mmtxK 

[0 07 6] zcTy^BMcomsco^ma. "^mcoi^^tm 
[0077] z<om'M(^f^4<7)mmii. wifeoift^RtPi 



(13)82001-919 rT ( P 2 0 0 1 - 9 1 9JL 



1 0 0 7 8 ] (^mmm 5 <7)^BS(i. mmcom^ t m 

100791^3. m4t5Xr/m5cr>^mizt5\.^xii. 

-:>(^mm<m i <^m'^ tm^j:hm2 <Dmmz^-th. 

7t. 2}Xjtirzi,i3iX7t(ommmmcr)\>^Tnx'S)'oxij 

i/5o~5o^, mm.miz^±^^cr>w^^<7)W^■i^<7)l'- 

(i. mm^xhi>. zcommmmii. mti^s. m-cr>m 

hc^x'hh, A*w(c{i, mm. zc^mwmii. « 

tityim-b^t^^jih. it(c. ^A<r>m^f,zi5\.^x^i.. m 
mmmi.msLt\,zm\izx *)m^^ixfz k •/ vm-b-ih,t£ 

^mizc^w&tmt(h^Akcr>'!(iiim^h^j:^. zcTimm 
mmmwii.\>zmmmzwM.^ixtz^>\^^a.m^m-h 

tc^ztii^h, 

[oo8oi#t;. m5<nw^i,zi5\^x\±. mut. ^ 

m-th ztizxD. ±Mmmizxm^^f^i co^-i^i^j^- 

t-(:>mmm^-t^mzmmmm^^txmm^^m- 
z t ^m^\,zLfzix\ m¥<^^m. $ hi,zimw<r>^ 

[00811 A:^<r>Xol,zm^^ixtzZ(D%m<^m 1 

xift^2<r>wR\>zii\.^x{i. ^'^a5fi^^cJ:o, ±ifi<oig 

\^v^^j:>£^um^hztt)^'si^X'h^ . ^(nm^M. 
mmm<r>mm^zi: ^x^m(.zmm'i>ztti-x'^h. 

mm<^^^mmti>zki}iX'^i>L. ^hizummmco 



mm<^mmij^mx'$)h. 

(0082] z(^B^izxhmmitm^}iXx/imm^ 
izM£, mim^iL^^mh h v ^\imm<r>4m\,z>h^ 

mm"^. ^mim(^!^mizA^ < nm^x^ ^ t^t ^ti 

[0083] mmmmizmmitiriU' ^mmj ^m^-t 
^m^. ^<^mmt:mm'r^'^'oijtLx. mtmrn^ 
mmzmM^^h:fT^t. 9i-^i)^i^\^-^-^m<7m.m^ 

m.t^Mi'rh:fjj^tcr>3mK)ti^^x.(>ixh. zzx\ 
m-f>m'^'&^min>ij^x'i^, mtit. mm^zpz 

mt^isz-tfzi^. ^(^jmmiz^^fzmxmi&mj^ijm 

i ^ c)mbm.xmMMm-t hzttzt^h. 
1 0 0 8 4 1 ^fc. mmmmmm(o^j'-^j:< 1 1 1 mw. 
mmmmt lx^h hzth mm^mx^h . o . 
mi-ii. mmmmc^m^mmtLxpzTmcrim}^^ 

mm^^Z'tb^^oiiO:>x'hh. ztiM. mmA^^'^ 
to 08 3] zzx\ M^copuDtmasrieK-rsmif 

mHj^X^z. t^ti^-WLm:1»^i:&.Tizm^iz L 

[0086] (1) h;n4. mi<om^■)Jm.. 

[0087] ( 2 ) mSW^iOSiRtJ: . t^^t^^ 

^j:hzt{.zx^. ^^mzmmmti'Wj:htzi^. mtz^ 

[0 0881 (3) m.mmMinmLx\,^hztizx 
0, mms^Km^^m^rMibtzti}^^^!^*). 

[00891 (4) SiJffll^t-S-ir>T. ^Sfttl-tSwi: 
A^T-^ hZtt^^. 3 WN-^' h {Cf C i: A* nrig-C«> 
•S.. 
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[0090] ms^Mz: Lxmm^^^m^'^^i^ 
I.. 

1 0 0 9 1 1 ( 1 ) mi^^i:iiMi>zmm-ti> i t hj^t 

[0092) ( 2 ) mm'§i!.imff)mm^j:mmmM,(^£- 

[0093] ( 3 ) ra«g^^(Cfij:)^ix>^oigi&*^ 

*>^> -if TfeBsin-itsfflt ^«*>-r & .1 1 •c-i^gg*^^^ 

100 9 4] tfz. {i3fc<7)«^p?^JttcJ; 

^ib^ mm Ltzmm^-n^ax'ii . iiiT(r>j^.timwtx'h 
[0095] ( 1 ) ^M^<^m%-)i^x'nm<Dwm^m 

[00 96] (2 ) -OOifjt? (rK5^-f■^f•-tr-^ 
m.im.m-iipi^mbhmm'^tz^izi.x) Ltz^ 

A»f3t<^3K«SlS:, lgl<O3K«i:Ji{J{JTI:ft^::6-|«0. 

•t^j:hib^>-^-f3\y-=^BynmiZi5\^Xit. 

fol i: «iSlt^E»rii a - b ® o fc:&|6]:()>^>|g 2 c7)iaM 

(B3ttt<7)3*v Ai* ^-tirt 2. ^ t J; •) , ^^tclg 

3Sii§3l6(03t3SS Sr WsbX^^- fc^H $ -It -S C: i^'srtgT' 

X'\i±%-^j:^m^^X'^ tc-b^-^tzZ t ii-h. j^}£mm 
{<z^mX'%hl^'^)VX'<7)^\i^j:^ixX^^^j:\<^crytfim^ 

X'hh, 

[0097] -:^r. '^^(Ty^mxcmmt. mmmsx 

[00 98] ( 1 ) >^-*^-hL/i^i|i|^S«cO^ 

^m:^<t^^^-)i^x'hh:Lth-t^. mm^^^ifi 
[0099] ( 2 ) 2m.m\mx'^h:iti}^h. 

[ 0 1 0 0 1 fSim^j:mg(MMmi^^^x^hh z. t 

*^^>, ^'Fiz±^C:>-r. am. a^^-. wm^-y-^ 

[01011 

i^^mmm<^mmi mr. z<7)mMcr>mmmiz':>\.^ 
X mm L^j:i)^t>mm-r ^ . 
[01021 t-r. :L<^R<r>m 1 (rymmmzii h% 
msm=f-\,z':>\^xwim-t^. 
[0103] mmm.mymi\±. ^mmLX ot-r 



h-^i-m<^m^m.^zn-ti> i •<'F.itmmm.w^m\,zm.m 

Vmmztiu^-t I. ^ i: I) i t {4 . m 5 * T- 1 =5: 

[0104] s-r. 0 tc, zaip.co!H))H*i 

^mzmmmzmm^ixfz^mm-h-i^tc^ i <^7cjiffl« 

^^«{T®j;f^= 1.46 h]m-th ) . mifiomm^ 
Ti02 c^mm^rnxmifim^ 2 . sotiSim-h) 

[0105] c:ii4><^-a^(^«{4, -^mmTum^ 

xmm-^ixht hhMmm:-mnx-ti:< tc 

-si^mr>SSOnmhmzm>Xii<. ^LX}k\.Z. 1 
ZZX\ imJcom^^d ( J) . Stfr^^n 

( J ) i: L;^ci:#. &.T<r>mmimti^i>iOb-r^, 
[0106] n (J) d (J)=550-J-4 
n(Si 02 )=1. 46, n(Ti02 )=2. 30 
X'hhi}^i>. Z<7y^X 0, d (S i O2 ) =94. 2n 
m, d (TiOj ) =59. Qnmff^h, -t^S^fh. 
S i ©2 MJ^if^Ti O2 McOif $§r'e*t-eix9 4. 2 
ninfciysg. 8nmi:L. ( S i O2 /T i Oj ) 

1 i^SB^fi^ 2 0 0^ Ojg L/i^/ilK*»^^«. 1 iXTcJl 

Ab—i^a yT-^a^Jt. -?-cOfe^Sr04i;c^^-r« 04 J; 
0 . °T*Ii^04 8 0 nm*>^ 6 5 0 n mCO^H 

^f^yYnxy^)V9-mm^ixx\^hZtki^<m 
hixtzZbX'hh. 

[01071 $T<>:tc. ±^(^ 1 iJcjc^JWWJtWc-eo 

x.h. miu. msi,z5Tcti.oi,z. (siOz/Tio 

2 ) 1 omm^^mmLtz^k. s i Oj fcj:c<Ti 02 

tP^r-S.!|«Ji«iVl (n (M) =1. 9 5h(R^> Sr&^J? 

$d (M) x-mmh. ^cnm (t i 03 /s 1 03 ) 1 
omm^i:mmLtz^mmi:^t^. mmuir^^sT 

• i^^AU-i^3yx'^if)fz, -^crmik^meiz^, 

n (M) =1. gScom^MtLXimtiiZrOi ifi 
hh. ^tz. d (M) =2 8. 2nmbLfz (f^Oja 

%im-vf= 0 . 1 izm^-t^ ) . 06 i 0 . siftai«r^<i 

biz, ^SJ^OSiSL^v-^^l^tcxy-^^^WlwSJatr- 



( 1 5) 8200 1 -9 1 9 
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I 0 1 08J <J:C, ±a:<7) rp;^ , {zm^ iiWz^fzh 

t-i'S. mihx$i^mmMcr>m$imMmmm^^' 

X\ 0. 0 2*>^0. 2 4tT'0. 0 2-r')^fk$-<*-?t 

;t:;^iL, n (M) =1. gSb-fh. 
[01091 W=n (M) d (ND/SSO 

z<DmwM(r,m^ cr>mmi,zff 7 h - y :? • ^> •■/ 

-S. I19J:0, W=0. 02*-^>0. 244T'<oeHT- 

^ <o(aa*^'ftjs*w^*^ 1 . 4 n m 7 h -r •& ^ t 

. C: £7)J; 3 tC 7 :r h - y • ^> -y 7'4'(Cigi?iX.5. 

^^fefc-^^Ji. mm<7)Mm(7im^(r>mMiz^r.x , m 
ijji^xmm^nti. z<rm&yt^'-i^<7)ztizzx 

^t. t>'<-<;U- b--^' (MP) tuf^dttc-r^. 

10 1 101 Z(f)ii0iZ^ MP$-^SiO/?$T-$IJfW-f 

^^i;*«-C#l., Z.(r)^\<r)mmBm.i.zii\^X 

m-t^^^z-:>\,^xmmfi>. 01 otc. cKJomi^DH 
[01 1 n 01 ot^^-ri io3t^tg«^{i, 

ITOii ( I nz O3 -SnO, gBg#«tt»jl) 
hxmXLt:.Vmi:^'th. PZT®^4$^4T\ 

CO 1 1 2] Z(r>i.d\.zm^^ixfzm^^=f-\,z^\>'^X 

^zt i}-X'^ . c J: o T ■tx'izmKfzmmizx 0 m 

[0 1 13] z<:r)micommmi>zxtiii\ ^[■m^(:,cr> 
m^izx*). -r^h-h I TO® 5. emizw±i:wm- 
hzktzxrf. m.m&^^:miR'fhzbi)^x'^. ztnz 
J: o T mzx'm^mtRi}^^^j:^^iRm^^mm.t 1. 

[01 i4}i$:tz. z<r>^(r>t^2<7mmm\izxh% 
[ 0 1 1 5 m 1 (rymimm.izii\.^x\t. 1 ij^Tc^^,^ 



/c^Jcov ^TiftBfl L-7t*<, c (r>^2<r)mmw,zii\ ^ 

■t^j:h-hm^m^^^^^tz^\.z-^\'-^xm^nrh, 

[0 1161 t^. m^m<r>^^^5 3nmtL. 

m'F^tinx'^ibti^m^mi 1 1^^^. 0 1 1 i 9. 
r , -?-n*>'®iJf^no*iJo{:f#or:^M*iffl'Vi'-7 h l 

0 nm tmm^'>tx-^t i fcm-^. -^(T^minm^ i 

^*^)7tiS*S-01 2(r*-r. 01 2J:'9. CiTt. ;^ 
h •y7VS>' K(^(CX/\°-< ^^i^<7)M PA^ffiJlL-C. -ett*^' 

[01171 tLhcOJ: dtc. Cc7)]VI P<7)>>7 h^ii){4. 

i,BafM*<*a^>nT<r^^. 01 3iz7fctXotz. ?m*^> 

m^-itt vxyt^mt^<r>^ittmfhiihViX'hi> . 
[01181014 izz(7)mmm2commmmizx h 

[0 119] 0i4tc^-rj:3{c:, zcom2(^msmm 
izx^ytmmm'i'ii. 05t3*-rM«<oeat::. plz 
Ts^3BB«fi5i: Lx<7yi Tom%:iYLxmxvfcmm 

PLZTB^^r?-f^7T*-r, 
[01201 zff)X 0 iznsi(.^nfz^mm^izi6\,^x 
I TOSS. emzm&^maLx^^m\iirh 

ztizXK)^<r>m^:fj\^izm,^imi\rrhZb{zx^p 

LZTm7 comvimir^it^^h z t^^x'^ ^ zmzj: 
-yx^X'iz^tzmm^zji'OMPi: mm-r ^zb *^'t- # 
^. 

[01211 z(7)m2crmmmi>zxix.ii. m i o^m 
mmbmmiz. m&x'm.^miRt/^-^m'kfgiMmiRmT^ 
mm-thzbij^x^^. 

[01221 ijijfc:. z<7M'mm3(omimmizjihA 

mx/m 2 cr>mmmm<r>m^!BM^:jBm trc i><7)xh 

[0123101 Stc^-TJ: otc. z<r>KimmM^ 
fct^TIi, AXfeJftoa^l l±tcll2<^|gifejg®i:|5l 
«=5r, 1 iRTcjgKBtfligf^J-e&^^SIitt^SM 1 2 
^^1 3*^^ASii^cl»:7n7:r b-^'Ajl^filiitf^f 
ifm. \ l±tcj^J«$ixTV^^. ^ffitti^iillll 2f:P 
felK 1 3 h cO^®(C{4^«tt«^ 14,15 im^ 

^txx^^h. zzx\ m^m^i sbLxammmmit 
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6 2r»«14«111S 17,18 T'{i$A/iE«5S^ A^ffM 

^tix^^^. acDS.mm'f-c^mm'&Mmmi is 
y^mm'mim.w<r>mwmMm. 14, 1 5 1 mm.^ tix 

[ 0 1 2 4 1 J; 3 izm^^titzAnm^AmiziiK^ 

hb. jEs^-i^-e, mm^mzxK>mmnmmmi 
7. 1 8miz:k^^mimii^±t. ^tnzxo. liXit 

xwm>^m%w-(r>mm!<&mMW 14,15 

LitAi->TM%^IKl 3\,z^(^M^-H^\.zm£tm 
MiRjjSMl 3{i5IiWStg^^3S-r 

[0125] Ja±c7)J: ^(C, Z.<;^W.3><r>'mmm.Zi:,ix 

[ 0 1 2 6 ] za^w^mnA (^■mmm^.zx hx 
[ 0 1 2 7 ] HI eiiZTh-^i. oKz^ 'L<r>KLmm.m\z 

feV-^Tti, M!f«5?im 1 3cO|l5JSffit#«ttmKl 4 , 
1 5*«?gBg;$ix, Cil4>cO#«14«ffiMl 4. 1 5 tjE 
^m^«^«tt«ffijai 7, 1 8i:*>', -S-ix-fiiSeitl 

m 3 iOHMJ^St |3l:»-C^>l. , 
(Ol28lc:coJ;d tc«^$n7t:AXIffl3tft«iO]!^ 

[0 12 9] iom4i0llJS^®icJ:-5Tt, ^SS*»^> 

ifiX'%h. 

[ 0 1 3 0 1 iXt-, Z<rMm<7)^5ffmmm!i,z3;:i>A 
TMUl&miZ'OWXWI^h . mi 7tcC<^AXP3feS 

[0131101 7\.Z7f:iri:o^z. COAXlijtSMt 

[0132] zcox o izm^^tif^AJLmy&^mcoms. 
im3<7miimmizx hAJim^mk mmx'$>h, 
[0 13 3] ziT^f^scommmmizx-yxi,. ^hm^(i> 



( 0 1 3 4 ] z<r>^m(^me(^mmmizj:hA 

[ 0 1 3 5 3 m siz^-tJ:diz. z(7)Axm^miz 
i^v^Tii, &mm'=F±iz 1 i^Tiy it h~9xwmw^m. 

twmxhh. 

( 0 1 3 6 3 ^<7)J; 3 l,zmfSL^ixfzAlLm%^m<7^Wm 

i-m3cr,mmmizx ^Amm^^mh mmx-hh, 

[0137] Z<ryW.ecr>mMmmi.z3:.^Xi:,. ^Wj-'h 
(r>tm^z X 0 Mi^mt'i'hAiiWm&m^mM't^ z t 

[0138] mz. z <om,m<ot^7 <ri^mm\,zx hA 
jimft&m^-oxrxm^m'h. m\ 9\.zzcr>AT.wmjk 

I 0 1 3 9 ] H 1 9 t^t-j; O t , Z<DAJim^m<,Z 

fc I ti , A3L^m<r>mw. 3i±.tzm2 <Dmmmm t m 
1 )!K7mmmm.m:'h ^mm^^mm 3 2 \>zm^ 
mnt Lxmm^j^^mm.3 3-bmA^i\rz 1 <!K7ty 
^ xmmm^wtm^3 1 iz^'mzm^^ftx 
v^s. zcr,\)!!^y:frv--:/xmwmmmimum 
m<r,^mzm.m^^ixxi5K) . ^^mc^mziim^ij^^^ 

tnm.^b-th. mmj:^2^Amm3 3er>ttmt vx 

a. mx.lii^0::]yzf2^:^t'^m^-*hZtti^X'^h. 
C 0 1 4 0 ] ZCOJ: o ^zm^^ixtzAJim^&mi.zii\^ 

x\i.. 02otc^-rj: ^vm^hmtm^3 A-^A 

^<r)mm<r> 1 }Kjty ^ h-i^'xmfmmm.mz^-ttm 
-hifmmm^n\^i&zL.. m^Thh:=(j^mm.3 2 

hzb^^X'^hzkiz^i,. 

[0141] z(7)m7comtmmizjitii£. mm.^~m 
mmttc\'^AiMy6^m^mm.-thzt^<x'^^ tfz, 

mMi:J:K>mmt't^Zbi}n'^hZtizX K>mkzix 

[0142] 'Mz. z<r>^B^f^S(7)mmm(,zxi>% 
mm^^iz-:>\,^xm.m'th. 
10 14 3] f^i^m7(r,mmmi.zi5\,^xi±. id:7t 
<7>mmmmMZ'Oi^x<r>mmR.x/-ieomm(r>m^^ 
tx^fzii^. z(Dm8<7>mtmmiz}i\^xii. 2-^70(0 
^tov-^TiiHs-r^ « 2iX7mTcr>mm\tmi^c7)im 
^mimizm^cr):fr&t>ih^ . ^mi>if:mmx'mi>tirz 0 
v^yy^-imiinom. mmmm^it^^*)imi}^ 

ZZX'ityjy-!^^''/ KSrfflV%fcf^p# 

&^fm-th. m^mm^tixi^hTo y-i^^-y ]^ m 
us. SMmmi,zxi,m.iSif>i)^t>(^miiiij^) <7)miSi^ 
(^^iz. mtatm^^-rtmmiii^fibAtixti^. 

^ti^mmizm^^iti>b. ^BeotmTli. 1000 
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DPI, -r^hh 25 u mmm<^ H y hmm^mx\h 
1 0 1 4 4 ) 1212 1 tc^-ri z(r>^mmm'Fii. 

iic/j^fftc. H >y h 4 2 tm^kh^miJ-'i^^h F -y h 4 

*0:7ttc *-t L -c li . X ::^ffti:<)- co?^^ t Y :^[5]*^ oA 
s . ? .SIC . H ••/ J- 4 3 , 4 4 m<7)mm^mi^< -t 

[ 0 1 4 6 1 <?:ic. ::iOi%BBcosg9oiissj^®{cot^T 
[ 0 1 4 7 ] ^ 1 -Sg8(0^Jfi®fiJti!t 

T{±. 2wmtzmm.:}i\^<'Z^M^'^rz'p^^-mMt 
^£r>mmii^^cr,mtmm^(omiz-:>uxmBM-th . 

[01481 ^<^m9c7)|life}g.^tc:tiV^t: {i. 112 2 A 

02 2 B t^fct 0 iz, ZCO^^^B 

^) ^m^^x. mtim (Au) trmm-th^Ltizx 
<o . nm^criA u ji 5 2 ^-AftT u ^ mzmmmizm 

Xoiz^ '^-yj^^i5'yh^mizj:*)Aum5 2<r>Tm 

tZS i ^JAOiitf^A^. Au^5 2<7)TtcRtt1^tS i 
a5 3*>TK«$m>. <XiZ. Aum5 2i:m^Ltzm. 
02 2D{z^f J: ^tc. S ia5 3±tcK-fb-fe'J'>A 
(CeOi ) m5 4f:/^yyTmtLX^M:^-^t. ^t> 

iZ'^<r>Hz^-$'ymi>>vzi~^Mmy>9y^^ ( p lz 
T) ®5 5^m:g$-ti:^. z<r>xo^zLx. z:<!Kjtmm 

[014 91 :i<r)^9(rym^m',zii\<^x\i. PLZT 



J: ^SA^* t ^ J: V ^ f. ^ >:? -XA S- jpjffl-f & . L 

*5oT, Il2 3(ci5^-r<i:^<c, i'l-gPA^^)!^-- 
m^t LT p L z t;i 5 5 tcs^tt^^ t 

J; oTfi-^^lGS-SiJfflhr i. .1 tifiX'^hZ.t \.Z^j:h . 

[ 0 1 5 0 1 z(7)^m<7)m 1 o<7)mMmmiZ'^^^ 

xm.m-th. 

[0151] z(r>mi oc^mmmmirzuK^xii. m24 
Atz^-txoiz. t-i'. mm^ns i mme i ^mmrr 

mz, m2AB,{>Zw.-tXof.Z^ CiOift^H^flS i ^ 
fflv 'T , ^;c« A u ^^«-r^ .1 i; (c J; 0 , R»«<OA 

u )^ 6 2 $r - ijjTcT V ^ mzmmmzmm- h,mz. 

^. -t^iyh. m2 4ClZ7n'tX'jlz^ -^-'7s.99y 
F^*{cJ;0AuM62 OTWllc S i A^A 0 iitr:^v:y> , 
Au|g6 2C0T{wPTe4^<^S itt6 3*>?^^$nS. 
{Z. AuM6 2^|^L/if^, lll2 4D(C^-rj;dtC, 
S itt6 3±{CCe02 ii6 4^y'^ y7r®i:LTfiic:* 
S-ttl.. >IC^T'<7)7°D-fe;^{i:. Ig9<7)||j6fim^i:|5]:a 
TfcS. iiCtC, ^OCeOz ®6 4±l:SrRu03 « 
65, PLZTJI6 etSitA'S r Ru O3 a67S:)liif; 

^ix-l). C:<IT\ SrRuOa S6 5*3 ilXS r Ru O 

[0152] ^com 1 0<7)^Sfi?^@,tCjDl^T{i, P L Z 
T<7)«S^m{C i 52*^4 1 t V ^ 3 ^ -XA S-?lJffl 
■th , L;t: T , 0 2 5 K^-f J: d tc , ^#^{a<7) P 
LZTW6 etCSrRuOg «6 5i3J;t/^S r Ru O3 
«6 7tcJ:'9mff^EP}!in-r-&C:ttcJ;'5, -e<^?^2r^ 

[ 0 1 5 3 1 (7)^m<om 1 1 ^^HMJ^^t i & 

[0 1541 Z(r>mi Ic^lUfeJ^^felfct^rJi. 02 3 

t^jn-Tcfc 0 tc, S<g7 i±tcy>f ■\'4^5^7 2*ix:^r6) 
Rv^Yijftnz ^ix^'fi<r>m^cr>mmxm^ $ iiT - «i:7E 
mmmmwt/^m^^tirzi>(Di}^--:>. -tixhco-aKTtm 

ztii^<^)-}!K7tmmmmm±. mm. ms, m9^fo 
tini ocr>mtmmi>zx^~<X7zmmmmfi^tmm^j:t 

BSU^^KS6a«it3j:'?. ±T:fri6j (z:sri*j) tjiixggi*! 

(x^-|6]t>j:iXY:&ifi]) iznjmt>zm^^ixx\>^h, 
[0155] z<7)m 1 1 <r>mm^mizi5\,^x\i. -yrcnt 
zjXTtmmmmw^ xYm\^^zt5\^x1^m$■^tx^cr^m 

cr)mmmm<7)mm^ 2 m^^tHLmx-x Yai^ico^Ks- 
w±L. ^<Dikzyjibnz^m^-^x--:><7)-i!f:jcmfm 
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^ti)n'^i>kthiz^ zyj(6\coWimmizX 

<^m^^mm-thzi:izx<^^ nmm/mmbcrhfw^ 

-/Kitmm-m.^z'^v^xwm-h. 02 Ttiro-jj^ 

^mz^m^ti'mz'hm-jii^^mix'th . 
[0157] z<nw. \ i(r>'mmmzii\\x\t, 02 7 

icS^-r J: 0 (c, ^J;i{f S i a^cDi; 3^»tR8 KO-:/^- 

«o±®±iz . p z TM^ }i<r>s±n>mm. s 2 ^Tgi5«® 
«i8 4 ^\.z\±-K\^zmaz%%mmKimvrrh ^ i: *^t- 

^tix\.^h. :i<^^miimzii, m.mt§iML<r)^m^m 
^m^-^iy^^M^x'h hztiimotx'h^j:\^\ mm 

[0 158] ico^l 2<0^i(fe}^SItc:l3i.^r(4. n^M 

EEi:maLxsMimm8 2(,zm^^ma-i-7^t. mm 
mizR KfMhcitizx*). ^(7M^x'Y:tjfi^<^mm^cr> 

[ 0 1 5 9 ] z<7mim<nm i scomsmmizx^ 
{cot ^TiiB«t-& . 0 2 8 tec: <7)i^mim 

[0 160] closgi 3cr>mimmi,zi3^'^xii, 026 

<r)x:fj\^(D^fi'^3im'Fmm^, Yijmi,zm^(r>mm 
x-mmmzwrn^tix . zinzj:'ox-<X7tmMmMi}i 
m^^tix\.^^, «^;u^xS-?(4. nm^mi^ma 
2, pm¥^mwma3t5Xx/^my ^ ya4iziy)mfS. 

[01611 .1(^111 3c7>||S6Jg®lCfc(,^T{4. 026 

f^^siiyji^iizmm.mm.^i^i'tt. ccosgiimgsogitii, 



3^^^#JK7 ^ >-8 4{4(Kvatf-^g|5 (tgf^gC ) 

-:^r. pm^mi^m8 3i)^(:>nm^mwma2^t^ 

^JKfiti:^ t . ia?atS-^ai<7)#M 7 ^ > 8 4 <7)ififf 

[0162] zcTiW^mmm'i'ii, ^mTizm^t 

h P S^filsii 8 3 J; 1/ n S^si^sB 8 2 c^gSa «r g 

I. 35>iT'§ ^cr)X\ x^^A^tcmtrnzn^-^m 

X'hi>Zh\imo^X'i>ti:^\ 

[ 0 1 6 3 ] ^(7)^1 3c7)^M»ffit:J;n(J\ '^^I'^x 
»^S-fiJffltT, 7:r h--y^^^t|5l)»^r««g^^-r 
l.«^Stgf^^ ^Hig-r ^ C t ifX'^ h . 

[ 0 1 6 4 1 Z co^B^m 1 4 i |> 

[0 16 5] zcomi 4(Dmsmmizii^^xii, 029 

(C^j^-Tct o ~tfc£0^9 1 . 9 2<^iatcaS*etj5i|x. 

{f^^coj; d^^';u-*^^^i,*9 3*ix::^[6iSL^Y:^r6i 
^JiolzmiitL^. 

[0166] 4<7>mmmm^z}s\.^xii, -iXyt 
mmmmiiz?jii-rhm'^mzn lx. y^h- y^^ 

x'^h. ifz. z:<X7tmwmmwt:mfSL-th^9 3\.z^ 
^vm^t^mm^km-yxmBTi^^^m-t^zh tx-^^. 
[ 0 1 6 7 ] <?:{c. zco^miom 1 5cr>mmmmi,z'o\,^ 
xmmi-h. zcomi 5<7)mmmm^t>m2 0(DmMm 

^mmLfzm^iz->\,^xmm-th . 
[oi68ii-r. >^'-:^i^~=y3y'mmcDimm 

{COV^TI«BflLT*3<. mkLX^ KTiNbOs 

5-yi5'x^^Mrs>'*'?-c7)^i!c-ci 6^i:m y^- 
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